Study Design. Retrospective study of prospectively collected data. Objective. To determine if postoperative morbidity for patients undergoing spinal deformity surgery varies by sex. Summary of Background Data. Influence of sex has been investigated in other surgical procedures but has not yet been studied in adult spinal deformity surgery. Methods. The American College of Surgeons National Surgical Quality Improvement Program is a large multicenter clinical registry that prospectively collects preoperative risk factors, intraoperative variables, and 30-day postoperative morbidity and mortality outcomes from about 400 hospitals nationwide. Current Procedural Terminology codes were used to query the database for adults who underwent fusion for spinal deformity. Patients were separated into groups of male and female sex. Univariate analysis and multivariate logistic regression were used to analyze the effect of sex on the incidence of postoperative morbidity and mortality. Results. Female sex was found to be a predictor of any complication[odds ratio (OR): 1.4, 95% confidence interval (CI) 1.2-1.7, P < 0.0001], intra-or postoperative RBC transfusion (OR: 1.6, 95% CI 1.4-1.9, P < .0001), urinary tract infection (OR: 2.0, 95% CI 1.2-3.3, P ¼ 0.0046), and length of stay >5 days (OR: 1.3, 95% CI 1.1-1.5, P ¼ 0.0015). Male sex was associated with higher rate of pulmonary (2.9% vs. 2.0%, P ¼ 0.0344) and cardiac complications (0.9% vs. 0.5%, P ¼ 0.0497). However, male sex as an independent risk factor for pulmonary (OR: 1.4, 95% CI 1.0-2.1, P ¼ 0.0715) and cardiac complications (OR: 1.9, 95% CI 0.9-4.0, P ¼ 0.1076) did not reach significance. Conclusion. Female sex was found to increase overall morbidity, particularly for urinary tract infection, transfusion, and length of stay >5 days. Male sex was associated with greater incidence of pulmonary and cardiac complications. Thus, sex and other patient characteristics highlighted must be considered as part of surgical risk planning and patient counseling.
A dult spinal deformity broadly encompasses a range of disorders including but not limited to degenerative (de novo) scoliosis, untreated idiopathic scoliosis, iatrogenic deformity, and coronal and sagittal imbalance. 1 Treatment varies by a number of factors such as patient and deformity characteristics, and surgery typically involves spinal fusion. 2, 3 Morbidity associated with fusion is not insignificant, with studies showing complication rates ranging from 10% to 40% after surgery. [4] [5] [6] Given the increasing incidence of spinal deformity in the US, 1, 7, 8 understanding the potential risk factors of surgical morbidity is important.
Previous studies have directly considered the effect of sex on postoperative complications in vascular surgery. [9] [10] [11] [12] [13] These studies found mixed results, with some studies indicating that women had a higher risk of both mortality and morbidity, 9 whereas others found no correlation with sex for postoperative complications. 10, 11 More often, studies have considered sex as a single variable within larger analyses, which has been made particularly feasible with the advent of large national databases, such as the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database. Studies within multiple surgical specialties from the ACS NSQIP have used sex as an important classification variable, 14, 15 finding sex to be an independent risk factor for certain postoperative complications. Studies within spinal surgery have also analyzed sex indirectly, as part of larger analyses with inconclusive findings. 16, 17 However, there remains a paucity of literature that directly analyzes the effect of sex on postoperative complications after spinal deformity surgery. In this study, the NSQIP database was used to investigate the effect, if any, of sex on 30-day morbidity and mortality in adults undergoing fusion for spinal deformity.
MATERIALS AND METHODS

Data Source
The ACS NSQIP was originally created as a quality improvement initiative for the Veteran's Administration (VA) health system in 1994. It has since expanded to the private sector after its initial success in the VA system. 18, 19 Details of the ACS NSQIP (www.acsnsqip.org) have been described before and its use has been well established in the surgical literature. It is a validated outcomes registry that allows assessment of 30-day risk-adjusted surgical morbidity and mortality to provide feedback to participating hospitals.
The database consists of more than 150 preoperative, intraoperative, and 30-day postoperative variables that are collected prospectively from medical records and operative reports among other sources by onsite surgical clinical reviewers. Data are gathered through the entirety of the 30-day postoperative period, including patients discharged within this time period or treated on an outpatient basis. 20 
Data Collection
The NSQIP database from 2013 to 2014 was used in this study. Adult patients (!18 years) undergoing spinal fusion for deformity were identified based on Current Procedural Terminology (CPT) codes 22800, 22802, 22804, 22808, 22810, 22812, 22818, and 22819. CPT codes 22843, 22844, 22846, or 22847 were also included to capture long, multilevel fusion constructs. Patients with CPT code 22842 and 22845 were included if they had an ICD-9 diagnosis for spinal deformity (including 737.1, 737.2, 737.3, 737.4, 737.8, and 737.9). Cases with missing preoperative data, emergency cases, patients with a wound class of 2, 3, or 4 , an open wound on their body, current sepsis, current pneumonia, prior surgeries within 30 days, cases requiring cardiopulmonary resuscitation (CPR) before surgery, any patients undergoing a nonelective procedure, or cases with diagnoses of cervical spine, trauma or injury to spine, or neoplasm of spine were excluded to reduce the risk of confounding variables.
Variable Definitions
Several comorbidities were grouped into the following categories: pulmonary, renal, cardiac, peripheral vascular disease, and neuromuscular injury. Pulmonary comorbidity included history of severe chronic obstructive pulmonary disease (COPD) or ventilator dependence during the 48 hours preceding surgery. Renal comorbidity included dialysis or acute renal failure. Cardiac comorbidity included history of congestive heart failure (CHF) within 30 days before admission or hypertension requiring medication. Using the list of CPT codes described in the work by Martin et al, 21 patients were categorized according to the type of surgical procedure performed. This study's definition of morbidity included all NSQIP defined complications, including the need for an intra-or postoperative blood transfusion. The scope of this study extended further to mortality, return to the operating room, unplanned reoperation, unplanned readmission, extended operative time (>4 hrs), and extended length of hospital stay (>5 ds).
Statistical Analysis
Patient records were divided into two cohorts of male and female sex. Descriptive and comparative statistics of demographics, comorbidities, operative details, and postoperative complications were analyzed for all patients. To minimize selection bias, the cohorts were checked to ensure no significant differences between male and female cohorts within each category of levels fused. In addition, to take into account the impact of additional procedures, the cohorts were checked to ensure no significant differences in Total Relative Value units. In the univariate analysis, categorical variables were assessed using Pearson x 2 square or Fisher exact test where appropriate. Continuous variables were examined using one-way ANOVA test. Variables with a P < 0.2 in the univariate analysis were carried forward into the multivariate analysis as has been demonstrated in previous studies. 22 This specific selection criterion was used to consider as many potential risk factors as possible without compromising the validity of regression models. Multivariate logistic regression analysis was used to determine independent risk factors for each postoperative complication that showed a significant difference between cohorts in the univariate analysis. A P < 0.05 was considered significant. The overall model was assessed using the C statistic, which is the area under the receiver operating characteristic (ROC) curve. SAS software (Version 9.3, SAS Institute Inc., NC) was used for all statistical analyses.
RESULTS
This study identified 4555 patients undergoing spinal fusion for deformity from 2013 to 2014. Patients were subdivided into cohorts by female versus male sex. Patients of male sex were more likely to be smokers (23.5% vs. 20.0%, P ¼ 0.0052), have a history of cardiac comorbidity (57.5% vs. 53.3%, P ¼ 0.0056), have a bleeding disorder (2.2% vs. 1.1%, P ¼ 0.0026), and have diabetes mellitus (16.3% vs. 14.1%). (Tables 1 and 2 ).
Univariate Analysis
In total, 28.4% of patients experienced a postoperative complication. Before risk adjustment, univariate analysis on 30-day morbidity and mortality showed that female sex was associated with greater overall morbidity (35.2% vs.
30.1%, P ¼ 0.0004), intra-or postoperative RBC transfusion (20.6% vs. 15.4%, P < .0001), urinary tract infection (UTI) (2.6% vs. 1.2%, P ¼ 0.0007), and length of stay (LOS) >5 days (20.0% vs. 16.8%, P ¼ 0.0074). Male sex was associated with higher rate of pulmonary (2.9% vs. 2.0%, P ¼ 0.0344) and cardiac complications (0.9% vs. 0.5%, P ¼ 0.0497) ( Table 3) .
Multivariate Analysis
More thorough assessment of the relationship between sex and postoperative morbidity and mortality was done via multivariate logistic regression models. These analyses demonstrated that sex was an independent predictor of many of the complications found to be significantly different between cohorts in the univariate analysis. Female sex was found to be a predictor of any complication (OR: 1.4, 95% CI 1.2-1.7, P < 0.0001), intra-or postoperative RBC transfusion (OR: 1.6, 95% CI 1.4-1.9, P < .0001), UTI (OR: 2.0, 95% CI 1.2-3.3, P ¼ 0.0046), and LOS > 5 days (OR: 1.3, 95% CI 1.1-1.5, P ¼ 0.0015). Male sex as a risk factor for pulmonary (OR: 1.4, 95% CI 1.0-2.1, P ¼ 0.0715) and cardiac complications (OR: 1.9, 95% CI 0.9-4.0, P ¼ 0.1076) did not reach significance (Table 4) .
DISCUSSION
This investigation presents a comprehensive analysis on 4555 patients undergoing spinal fusion for deformity, divided into cohorts based on sex. In this study, female sex was found to be a significant predictor for 30-day overall morbidity. Previous analyses of postoperative complications with respect to sex have had mixed conclusions. [9] [10] [11] [12] [13] Higher morbidity in females has been reported previously in a number of studies. 15, 23 In the current study, it is thought that higher overall morbidity is largely caused by higher rates of UTI, RBC transfusion, and extended length of stay. These three outcomes were significantly higher within the female cohort, and female sex was found to be an independent predictor of these complications in multivariate analysis.
UTI is particularly important to consider, as it is a significant burden on health systems in America, and a longtime federal target for reduction. 24, 25 Female sex was found to be an independent predictor of UTI (OR: 2.0, 95% CI 1.2-3.3, P ¼ 0.0046) (Table 4) , and similar results have been previously reported both in spinal fusion 26 and nonspinal surgical procedures. 27 In general, the reason for female sex having higher rate of UTI, such as the shorter urinary tract causing higher risk of bacterial colonization, has been well-established . 28 Female sex was an independent predictor of transfusion (OR: 1.6, 95% CI 1.4-1.9, P < .0001) ( Table 4 ). This finding is significant, as the literature has shown increased blood transfusion to be associated with increased postsurgical morbidity and mortality. [29] [30] [31] [32] [33] It is also possible that transfusions themselves may lead to decreased immune function, making transfusion rate an important consideration within the risk profile of surgery. Female sex has previously been linked to higher rates of transfusion in orthopedic surgery 34 and spinal fusion in particular. 17 It is hypothesized that the higher transfusion rates are the result of lower average hematocrit and higher prevalence of preoperative anemia in females.
Female sex was also a predictor of LOS > 5 days (OR: 1.3, 95% CI 1.1-1.5, P ¼ 0.0015) ( Table 4) in multivariate analysis. This finding has been discussed in a number of studies, 35, 36 though the reasons for this outcome remain speculative. Possible reasons include higher rates of complications such as UTI (2.6% vs. 1.2%, P ¼ 0.0007) and transfusions (20.6% vs. 15.4%, P < .0001) ( Table 3 ) compared with males. Male sex was associated with higher rates of pulmonary and cardiac complications. The association between male sex and pulmonary (2.9% vs. 2.0%, P ¼ 0.0344) and cardiac complications (0.9% vs. 0.5%, P ¼ 0.0497) ( Table 3) was significant in the univariate analysis. Male sex approached, but did not reach, significance as an independent predictor of pulmonary (OR: 1.4, 95% CI 1.0-2.1, P ¼ 0.0715) and cardiac complications (OR: 1.9, 95% CI 0.9-4.0, P ¼ 0.1076) ( Table 4) . Smoking is a wellestablished risk factor for both cardiac and pulmonary complications after surgical procedures 37, 38 Males had significantly higher rates of smoking (23.5% vs. 20.0%, P ¼ 0.0052) ( Table 1 ) than women, which has been proven to be a predictor for cardiac and pulmonary complication after surgery. 37 Moreover, smoking is a well-known risk factor for postoperative mortality 39, 40 The impact of tobacco on inflammatory and reparative processes is thought to contribute to higher mortality, along with the increased rates of other comorbidities that smokers are associated with. This is significant, as smoking cessation programs should be considered for those patients in order to decrease potential postoperative morbidity and mortality related to smoking. In fact, smoking cessation programs are well-established and have been shown to reduce complications after surgery. 41, 42 There are several important limitations to this study that must be considered. The NSQIP database captures based on CPT code, and a significant limitation with using procedural codes is that differences between particular techniques, of spinal fusion in this case, cannot be accounted for. In addition, patients were not substratified by additional procedures such vertebral column resection, pedicle subtraction osteotomy, among others. The NSQIP database is also not quite representative of all United States hospitals, as academic medical centers are overrepresented in the database. 43, 44 Academic medical centers have significant differences from community hospitals such as the general profile of patients seen, as these academic centers tend to see more complex cases. Moreover, the observation period for morbidity, mortality, and other surgical outcomes in this study is limited to 30 days after surgery. Thus, longer-term complications are not captured, leading to potential underestimation of the risk profile for these surgical procedures.
Despite these limitations, this is one of the largest studies examining the effect of sex on postoperative complications after elective spinal fusion for deformity correction in adults. Female sex was found to increase overall morbidity, particularly for UTI, transfusion, and LOS > 5 days. Male sex was found to increase risk of pulmonary and cardiac complications. Thus, sex and other patient characteristics highlighted in this study must be considered as part of surgical risk planning before procedures to minimize chances of postoperative complications in the patient. These data may also provide the opportunity to better counsel patients regarding risk of postoperative complications, which is a crucial aspect of informed consent.
Key Points
Female sex was found to increase overall morbidity, particularly for UTI, transfusion, and LOS > 5 days. Male sex was associated with greater incidence of pulmonary and cardiac complications. Sex and other patient characteristics highlighted in this study must be considered as part of surgical risk planning and patient counseling.
